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©  An  organic  suspension,  such  as  sewage  sludge,  is 
conditioned  by  adding  a  conditioner  and  then  filtering  the 
suspension  through  a  filter  element  to  form  a  filter  cake  on 
the  element.  Improved  dryness  properties  of  the  cake  are 
obtained  by  using  as  conditioner  during  the  formation  of  at 
least  the  first  half  (by  weight  solids),  but  not  all,  of  the  cake  a 
high  molecular  weight  polyelectrolyte  conditioner  and  by 
using  as  conditioner  during  the  formation  of  the  remainder 
of  the  cake  an  inorganic  conditioner  or  a  low  molecular 
weight  polyelectrolyte  conditioner. 
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A n   organic  suspension,  such  as  sewage  sludge,  is 
conditioned  by  adding  a  conditioner  and  then  filtering  the 
suspension  through  a  filter  element  to  form  a  filter  cake  on 
the  element.  Improved  dryness  properties  of  the  cake  are 
obtained  by  using  as  conditioner  during  the  formation  of  at 
least  the  first  half  (by  weight  solids),  but  not  all,  of  the  cake  a 
high  molecular  weight  polyelectrolyte  conditioner  and  by 
using  as  conditioner  during  the  formation  of  the  remainder 
of  the  cake  an  inorganic  conditioner  or  a  low  molecular 
weight  polyelectrolyte  conditioner. 



An  o r g a n i c   s u s p e n s i o n ,   s u c h   as  s l u d g e   p r o d u c e d  

3 u r i n g   t h e   p u r i f i c a t i o n   of   s e w a g e ,   i s   f r e q u e n t l y   d e w a t e r e d  

by  f i l t r a t i o n   on  a  f i l t e r   e l e m e n t   in   o r d e r   t o   r e d u c e   i t s  

vo lume   p r i o r   to   d i s p o s a l   or   to   r e n d e r   i t   a u t o t h e r m i c   a n d  

t h u s   c o m b u s t i b l e .   The  f i l t r a t i o n   i s   o f t e n   p r e s s u r e   f i l -  

t r a t i o n ,   in   a  f i l t e r   p r e s s .   In  o r d e r   t o   a s s i s t   d e w a t -  

e r i n g   t h e   s l u d g e   has   to   be  c o n d i t i o n e d   w i t h   c h e m i c a l s  

w h i c h   p r o m o t e   s o l i d - l i q u i d   s e p a r a t i o n   and   p r e v e n t   b l i n d i n g  

of  t h e   f i l t e r .   C h e m i c a l s   u s e d   f o r   t h i s   p r o c e s s   i n c l u d e  

i n o r g a n i c   c o n d i t i o n e r s   s u c h   as  l i m e ,   f e r r o u s   s u l p h a t e ,  

f e r r i c   c h l o r i d e   and   a l u m i n i u m   c h l o r o h y d r a t e   and  a l s o  

o r g a n i c   w a t e r   s o l u b l e   p o l y e l e c t r o l y t e   c o n d i t i o n e r s .  

I m p o r t a n t   p a r a m e t e r s   t o   t h e   c o m m e r c i a l   s u c c e s s  

of   t h e   p r o c e s s   a r e   t h e   a m o u n t   of   c o n d i t i o n e r   t h a t   h a s  

to  be  u s e d ,   t h e   f i n a l   d r y n e s s   of   t h e   c a k e   t h a t   i s   p r o d u c e d  

by  t h e   f i l t r a t i o n   and  t h e   r a t e   of   w a t e r   r e m o v a l .   R o u t i n e  

e x p e r i m e n t a t i o n   i s   n e c e s s a r y   to   f i n d   t h e   o p t i m u m   c o n d i -  

t i o n e r   and  f i l t r a t i o n   c o n d i t i o n s   f o r   any  p a r t i c u l a r  

o r g a n i c   s u s p e n s i o n .   G e n e r a l l y   t h e   u s e   of   i n o r g a n i c  

c o n d i t i o n e r s   p r o d u c e s   c a k e s   of  s a t i s f a c t o r y   d r y n e s s   b u t  

may  i n c u r   two  d i s a d v a n t a g e s .   The  a m o u n t   of   i n o r g a n i c  

c o n d i t i o n e r   t h a t  h a s   to   be  a d d e d   may  n e e d   to   be  v e r y  

l a r g e ,   f o r   i n s t a n c e   up  to   40  or   50%  by  w e i g h t   of   s u s p e n -  
s i o n   d r y   s o l i d s ,   and  so  t h e   c a k e   i s   o n l y   o b t a i n e d   a t   t h e  

e x p e n s e   of  r e d u c e d   f i l t r a t i o n   c a p a c i t y .   A l s o   t h e  



f i l t r a t i o n   r a t e   t e n d s   to   be  r a t h e r   s l o w ,   t h u s   r e d u c i n g  

t h e   c a p a c i t y   of  t h e   p l a n t   s t i l l   f u r t h e r .  

O r g a n i c   h i g h   m o l e c u l a r   w e i g h t   w a t e r   s o l u b l e  

p o l y e l e c t r o l y t e   c o n d i t i o n e r s   a r e   u s e d   in   r e l a t i v e l y   s m a l l  

a m o u n t s   and  g i v e   h i g h   f i l t r a t i o n   r a t e s   b u t   w i t h   m a n y  

o r g a n i c   s u s p e n s i o n s   t h e y   s u f f e r   f rom  t h e   d i s a d v a n t a g e   t h a t  

t h e y   t e n d   to   p r o d u c e   c a k e s   t h a t   a r e   n o t   u n i f o r m l y   d r i e d  

a c r o s s   t h e i r   s u r f a c e   a r e a .   For   i n s t a n c e   i n   t h e   c a s e  

of   c e n t r e - f e e d   f i l t e r   p r e s s e s   t h e   c a k e s   m a y  b e   of   a d e q u a -  

t e   d r y n e s s   a r o u n d   t h e   p e r i m e t e r s   b u t   may  be  r a t h e r   w e t  

a t   t h e   c e n t r e s .   I t   i s   n o t   c l e a r   w h a t   c a u s e s   t h i s  

e f f e c t   and   v a r i o u s   t h e o r i e s   h a v e   b e e n   p u t   f o r w a r d   w h i c h  

s u g g e s t   t h a t   i t   may  be  f l o c   b r e a k d o w n ,   p o o r   p e r m e a b i l i t y  

of  t h e   f o r m e d   c a k e   or   p o o r   m i x i n g   as  t h e   v e l o c i t y   of  f e e d  

f a l l s   o f f   t o w a r d s   t h e   end  of   t h e  p r e s s i n g   c y c l e .  

I t   has   b e e n   o u r   o b j e c t   to   d e v i s e   a  p r o c e s s   f o r  

f i l t e r i n g   o r g a n i c   s u s p e n s i o n s   t h a t   g i v e s   i m p r o v e d  

d r y n e s s   of  t h e   f i l t e r   c a k e   w i t h o u t   u n a c c e p t a b l e   r e d u c -  

t i o n   i n   t h e   s p e e d   of   f i l t r a t i o n .  

In  t h e   i n v e n t i o n   an  o r g a n i c   s u s p e n s i o n   i s  

c o n d i t i o n e d   by  a d d i n g   c o n d i t i o n e r   and  i s   t h e n   f i l t e r e d  

t h r o u g h   a  f i l t e r   e l e m e n t   to   f o rm  a  f i l t e r   c a k e   on  t h e  

e l e m e n t   and  d u r i n g   t h e   f o r m a t i o n   of   a t   l e a s t   t h e   f i r s t  

h a l f   (by  w e i g h t   s o l i d s )   of   t h e   c a k e   t h e   s u s p e n s i o n   i s  

c o n d i t i o n e d   w i t h   h i g h   m o l e c u l a r   w e i g h t   p o l y e l e c t r o l y t e  

c o n d i t i o n e r   and  d u r i n g   t h e   f o r m a t i o n   o f   t h e   r e m a i n d e r  

of   t h e   c a k e   t h e   s u s p e n s i o n   i s   c o n d i t i o n e d   w i t h   an  i n o r -  

g a n i c   c o n d i t i o n e r   or   a  low  m o l e c u l a r   w e i g h t   p o l y e l e c t r o -  

l y t e   c o n d i t i o n e r .  

The  f i l t r a t i o n   m u s t   be  e f f e c t e d   by  a  m e t h o d  

in   w h i c h   i t   i s   p o s s i b l e   to   a l t e r ,   d u r i n g   t h e   f i l t r a t i o n ,  

t h e   c o n d i t i o n e r   t h a t   i s   a d d e d   to   t h e   s u s p e n s i o n .   T h e  

f i l t r a t i o n   i s   n o r m a l l y   c a r r i e d   o u t   by  p r e s s u r e   f i l t r a t i o n  

and  p r e f e r a b l y   t h e   f i l t r a t i o n   i s   a  b a t c h w i s e   p r o c e s s  
c o n d u c t e d   in   s u c h   a  m a n n e r   t h a t   t h e   c o n d i t i o n e r   can   b e  



a l t e r e d   d u r i n g   e a c h   b a t c h .   P r e f e r a b l y   t h e   f i l t r a t i o n  

i s   c o n d u c t e d   i n   a  f i l t e r   p r e s s   in   w h i c h   t h e   e l e m e n t  

s e p a r a t e s   a  f i l t e r   c h a m b e r ,   t o   w h i c h   t h e   s u s p e n s i o n   i s  

f e d   t h r o u g h   an  i n l e t ,   f r o m   a  f i l t r a t e   o u t l e t .   I n  

p r a c t i c e   t h e   f i l t e r   p r e s s   n o r m a l l y   c o n s i s t s   of  a  s e r i e s  

of   s h a l l o w   f i l t e r   c h a m b e r s   d e f i n e d   on  one   o r   b o t h   s i d e s  

by  a  f i l t e r   c l o t h   o r   o t h e r   f i l t e r   e l e m e n t   and  t h e   o r g a n -  

i c   s u s p e n s i o n   i s   f e d   to   e a c h   c h a m b e r ,   o f t e n   c e n t r a l l y ,  

and   f i l t r a t e   i s   r e m o v e d   f r o m   t h e   p r e s s ,   g e n e r a l l y   a t  

t h e   s i d e   when   t h e   s u s p e n s i o n   f e e d   t o   t h e   c h a m b e r   i s  

c e n t r a l .   F i l t r a t i o n   i s   g e n e r a l l y   c o n d u c t e d   u n t i l   t h e  

c h a m b e r s   a r e   a l l   s u b s t a n t i a l l y   f u l l   of   d r y   c a k e ,   w h e r e -  

u p o n   f i l t r a t i o n   i s   s t o p p e d   and  t h e   d r y   c a k e   i s   r e m o v e d .  

C o n v e n i e n t l y   t h e   s u s p e n s i o n   i s   c o n d i t i o n e d   w i t h   t h e   h i g h  

m o l e c u l a r   w e i g h t   p o l y e l e c t r o l y t e   c o n d i t i o n e r   d u r i n g   a  

f i r s t   p a r t   of  t h e   c y c l e   o p e r a t e d   a t   a  p r e s s u r e   o f   up  t o  

2  t o   6  b a r   and   t h e   s u s p e n s i o n   i s   c o n d i t i o n e d   u s i n g   t h e  

low  m o l e c u l a r   w e i g h t   p o l y e l e c t r o l y t e   o r   t h e   i n o r g a n i c  

c o n d i t i o n e r   d u r i n g   t h e   r e m a i n d e r   of   t h e   c y c l e   w h i c h   i s  

o p e r a t e d   a t   a  h i g h e r   p r e s s u r e ,   g e n e r a l l y  u p   t o   a  

p r e s s u r e   o f   4  to   10  b a r .   S o m e t i m e s   t h e   pump  u s e d   f o r  

t h e   s e c o n d   p a r t   of  t h e   c y c l e   i s   d i f f e r e n t   f r o m   t h e   p u m p  

u s e d   f o r   t h e   f i r s t   p a r t   of   t h e   c y c l e .   G e n e r a l l y   t h e  

h i g h   m o l e c u l a r   w e i g h t   p o l y e l e c t r o l y t e   c o n d i t i o n e r   i s  

u s e d   d u r i n g   t h e   f o r m a t i o n   of  f rom  60  to   90%  by  w e i g h t  

of   t h e   c a k e .   I t   may  be  p o s s i b l e   to   f o r m   a  m i n o r   a m o u n t  

of   t h e   c a k e   w i t h o u t   a d d i t i o n   of  any  c o n d i t i o n e r .  

The  h i g h   m o l e c u l a r   w e i g h t   p o l y e l e c t r o l y t e  

can   be  a n y   h i g h   m o l e c u l a r   w e i g h t   w a t e r   s o l u b l e   p o l y -  

e l e c t r o l y t e   t h a t   i s   s u i t a b l e   f o r   c o n d i t i o n i n g   t h e  

o r g a n i c   s u s p e n s i o n   p r i o r   to   f i l t r a t i o n   and   w i l l   g e n e r a l l y  

be  a  m a t e r i a l   t h a t   can   be  c l a s s e d   as  a  f l o c c u l a n t .   I t  

w i l l   n o r m a l l y   be  c a t i o n i c .   I t s   m o l e c u l a r   w e i g h t   i s  

n o r m a l l y   a b o v e   1 0 0 , 0 0 0 ,   g e n e r a l l y   5 0 0 , 0 0 0   t o   3 0 , 0 0 0 , 0 0 0 .  

P r e f e r r e d   m a t e r i a l s   a r e   c a t i o n i c   p o l y a c r y l a m i d e s   a n d  

p o l y a c r y l a t e s   and  in   p a r t i c u l a r   p o l y m e r s   t h a t   i n c l u d e  



u n i t s   o f   d i a l k y l a m i n o a l k y l ( m e t h )   a c r y l a m i d e   o r   d i a l k y l -  

a m i n o a l k y l ( m e t h )   a c r y l a t e ,   w i t h   p r e f e r r e d   m a t e r i a l s   b e i n g  

M a n n i c h   r e a c t i o n   p r o d u c t s   of   p o l y a c r y l a m i d e ,   f o r   i n s t a n c e  

d i a l k y l a m i n o m e t h y l   p o l y a c r y l a m i d e   w h e r e i n   t h e   a l k y l  

g r o u p s   a r e   m e t h y l   or   e t h y l .   The  q u a t e r n a r y   v e r s i o n s   o f  

t h e s e   p o l y m e r s   a r e   p r e f e r r e d ,   f o r   i n s t a n c e   t h e   d e r i v a t i v e s  

w i t h   m e t h y l   h a l i d e   o r   d i m e t h y l   s u l p h a t e .   A n o t h e r  

s u i t a b l e   f l o c c u l a n t  i s   d i a l l y l d i m e t h y l   ammonium  c h l o r i d e  

a c r y l a m i d e   c o p o l y m e r .  

The  i n o r g a n i c  c o n d i t i o n e r   may  be  any   of   t h e  

i n o r g a n i c   m a t e r i a l s   w h i c h   a r e   known  to   be  u s e f u l   a s  

c o a g u l a n t s   and  to   be  u s e f u l   f o r   c o n d i t i o n i n g   o r g a n i c  

s u s p e n s i o n s   p r i o r   to   f i l t r a t i o n .   They  i n c l u d e   i n o r -  

g a n i c   s a l t s   of  p o l y v a l e n t   m e t a l s ,   f o r   i n s t a n c e   d e r i v a t i v e s  

of  a l u m i n i u m ,   c a l c i u m   and  i r o n .   A l u m i n i u m   s a l t s   a r e  

p r e f e r r e d .   S u i t a b l e   low  m o l e c u l a r   w e i g h t   p o l y e l e c t r o l y t e s  

a r e   w a t e r   s o l u b l e   c a t i o n i c   p o l y m e r s   w h i c h   a r e   known  a s  

c o a g u l a n t s   and  w h i c h   a r e   s u i t a b l e   f o r   c o n d i t i o n i n g   o r g a n -  

ic   s u s p e n s i o n s   p r i o r   to   f i l t r a t i o n .   T h e i r   m o l e c u l a r  

w e i g h t   i s   g e n e r a l l y   b e l o w   1 0 0 , 0 0 0   t y p i c a l l y   2 0 , 0 0 0   t o  

8 0 , 0 0 0 .   They   may  be  f o r m e d   of   t h e   same  m o n o m e r s   a s  

t h o s e   d i s c u s s e d   a b o v e   f o r   t h e   h i g h   m o l e c u l a r   w e i g h t  

f l o c c u l a n t s .   A n o t h e r   s u i t a b l e   p o l y e l e c t r o l y t e   i s   t h e  

low  m o l e c u l a r   w e i g h t   c o n d e n s a t i o n   p r o d u c t   of   e p i c h l o r -  

h y d r i n   w i t h   an  a m i n e .  

C o n d i t i o n i n g   i s   e f f e c t e d   by  a d d i n g   t h e   a p p r o -  

p r i a t e   a m o u n t   of  t h e   f l o c c u l a n t   d u r i n g   t h e   f i r s t   s t a g e  

of  t h e   f i l t r a t i o n   and  t h e n   t h e   a p p r o p r i a t e   a m o u n t   o f  

c o a g u l a n t .   The  a m o u n t s   may  be  t h o s e   c o m m o n l y   u s e d  

f o r   c o n d i t i o n i n g   o r g a n i c   s u s p e n s i o n s   p r i o r   t o   f i l t r a t i o n .  

Thus  t h e   a m o u n t   of   h i g h   m o l e c u l a r   w e i g h t   f l o c c u l a n t   m a y  
be  0.1  t o   3%.  T h e   a m o u n t   of   i n o r g a n i c   c o a g u l a n t   m a y  
be  0 .5   t o   50%,  p r e f e r a b l y   1  to   10%  by  w e i g h t .   T h e  

a m o u n t   o f  l o w   m o l e c u l a r   w e i g h t   p o l y e l e c t r o l y t e   c o a g u l a n t  

may  be  0 .1   to   5%  by  w e i g h t .   T h e s e   p e r c e n t a g e s  

a r e   by  w e i g h t   b a s e d   on  t h e   w e i g h t   of  d r y   s o l i d s   in   t h e  



s u s p e n s i o n   to   w h i c h   t h e   a d d i t i o n s   a r e   m a d e .  

The  o r g a n i c   s u s p e n s i o n   t h a t   i s   f i l t e r e d   i n  

t h e   i n v e n t i o n   may  be  s e l e c t e d   f r o m   a  w i d e   v a r i e t y   o f  

o r g a n i c   s u s p e n s i o n s   b u t   p r e f e r a b l y   i s   s e w a g e   s l u d g e .  

The  s u s p e n s i o n   may  be  d e r i v e d   f r o m   raw  a n d / o r   p r o c e s s e d  

s e w a g e   a f t e r   t h e   s e d i m e n t a t i o n   s t a g e .  
The  s o l i d s   i n   t h e  s u s p e n s i o n   may  h a v e   b e e n   s u b j e c t e d   t o  

a  b i o l o g i c a l   a e r o b i c   o r   a n a e r o b i c   d i g e s t i o n   s t a g e   t o  

p r o d u c t   a  d i g e s t e d   s l u d g e .  

The  i n v e n t i o n   a v o i d s   t h e   d i s a d v a n t a g e s   o f  

u s i n g   i n o r g a n i c   c o a g u l a n t   as  t h e   s o l e   c o n d i t i o n e r   ( s l o w  

f i l t r a t i o n   r a t e   and  h i g h   a d d e d   c o a g u l a n t   a m o u n t   b a s e d  

on  t h e   w e i g h t   of   t h e   c a k e )   w h i l e   p r o v i d i n g   v e r y  

s a t i s f a c t o r y   and  u n i f o r m   d r y n e s s   w i t h   a  w i d e   r a n g e   o f  

o r g a n i c   s u s p e n s i o n s .   We  f i n d   i t   i s   p o s s i b l e   t o  

o b t a i n   c a k e s   t h a t   a r e   d r i e r   t h a n   a r e   c o n v e n i e n t l y   o b t a i n -  

a b l e   u s i n g   t h e   f l o c c u l a n t   o r   c o a g u l a n t   c o n d i t i o n e r s   a l o n e  

in   an  o t h e r w i s e   i d e n t i c a l   p r o c e s s .  

A  p a r t i c u l a r   a d v a n t a g e   of   t h e   i n v e n t i o n   i s  

t h a t   i t   l e a d s   r e l i a b l y   t o   more   u n i f o r m   d r y n e s s   t h r o u g h o u t  

t h e   c a k e   t h a n   i s   g e n e r a l l y   o b t a i n a b l e   when  h i g h   m o l e c u l a r  

w e i g h t   p o l y e l e c t r o l y t e   f l o c c u l a n t   i s   u s e d   as  t h e   s o l e  

c o n d i t i o n e r .   T h u s   a l t h o u g h   some  s u s p e n s i o n s   w i l l  

g i v e   an  a d e q u a t e l y   u n i f o r m   d r y n e s s   many  o r g a n i c  

s u s p e n s i o n s   g i v e   a  c a k e   t h a t   i s   s u b s t a n t i a l l y   w e t t e r  

a t   t h e   p o s i t i o n   of  t h e   i n l e t   to   t h e   c h a m b e r   t h a n   a t   t h e  

p o s i t i o n s   d i s t a n t  f r c m  t h e   i n l e t   when  t h e y   a r e   c o n d i t -  

i o n e d   p r i o r   to   f i l t r a t i o n   s o l e l y   by  a  h i g h   m o l e c u l a r  

w e i g h t   p o l y e l e c t r o l y t e   f l o c c u l a n t .   Thus   t h e  

i n v e n t i o n   has   t h e   a d v a n t a g e   t h a t   i t   p e r m i t s   u n i f o r m  

d r y n e s s   of   c a k e s   o b t a i n e d   f r o m   s u c h   s u s p e n s i o n s   a n d  

s o   p r o v i d e s   a  p r o c e s s   t h a t   i s   c a p a b l e   of   g i v i n g   u n i f o r m ,  

and  h i g h ,   c ake   d r y n e s s   f o r   a  v a r i e t y   of   o r g a n i c   s u s p e n s -  

i o n s .   B r o a d l y ,   i n   t h e   i n v e n t i o n   we  m a i n t a i n   t h e  

c 



a d v a n t a g e s   of   f a s t   d e w a t e r i n g   and  h i g h   s o l i d s   c a p a c i t y  

o b t a i n a b l e   f r o m   t h e   u s e   of   f l o c c u l a n t   c o n d i t i o n i n g ,   w i t h -  

o u t   t h e   v a r i a b l e   d r y n e s s   t h a t   g e n e r a l l y   f o l l o w s   f r o m   t h a t ,  

and  we  a l s o   o b t a i n   un i fo rm  d e w a t e r i n g ,   as  i s   o b t a i n e d   w i t h  

c o a g u l a n t   c o n d i t i o n i n g ,   w i t h o u t   t h e   s l o w   f i l t r a t i o n   t h a t  

i s   a s s o c i a t e d   w i t h   t h a t .   B r i e f l y ,   we  o b t a i n   t h e   a d v a n t a g -  

es  of   b o t h   f l o c c u l a n t   and   c o a g u l a n t   c o n d i t i o n i n g   w h i l e  

a v o i d i n g   t h e   d i s a d v a n t a g e s   of  b o t h .   A d d i t i o n a l l y ,  

as  m e n t i o n e d ,   we  c a n   o b t a i n   i n c r e a s e d   d r y n e s s   t h r o u g h o u t  

t h e   c a k e .  

The  f o l l o w i n g   a r e   e x a m p l e s   of  t h e   i n v e n t i o n .  

E x a m p l e s   1  and  2  w e r e   c a r r i e d   o u t   u s i n g   p l a t e - t y p e   f i l t e r  

p r e s s e s   i n   w h i c h   t h e   f i l t e r   e l e m e n t s   a r e   f o r m e d   of  s y n -  

t h e t i c   w o v e n   f i l t e r   f a b r i c .   Each  p r e s s   p l a t e   had  a  

c e n t r e   a p e r t u r e   t o   a l l o w   s l u d g e   to   be  f e d   i n t o   t h e   p r e s s .  
The  d r y   s o l i d s   w e i g h t   of   t h e   r e s u l t a n t   p r e s s   f i l t e r   c a k e  

was  r e c o r d e d   a t   3  p o s i t i o n s .   The  i n n e r   p o s i t i o n   w a s  

t h e   c e n t r e   of   t h e   c a k e ,   a d j a c e n t   t h e   i n l e t   to   t h e  

f i l t e r   c h a m b e r .   The  o u t e r   p o s i t i o n   was  t h e   e d g e  

of   t h e   c a k e ,   d i s t a n t   f r o m   t h e   i n l e t s  

The  m i d d l e   p o s i t i o n   was  a p p r o x i m -  

a t e l y   m i d - w a y   b e t w e e n   t h e   i n n e r   and  o u t e r   p o s i t i o n s .  

E x a m p l e   1 

D i g e s t e d   s l u d g e   h a v i n g   a  d r y   s o l i d s   c o n t e n t  

of   4 .31%  w/w  was  d e w a t e r e d   on  4  f i l t e r   p r e s s e s   in   w h i c h  

t h e   r e c e s s   f o r m e d   b e t w e e n   a d j a c e n t   p l a t e s ,   w h i c h   d e f i n e d  

t h e   f i l t e r   c h a m b e r   and  d e t e r m i n e d   t h e   t h i c k n e s s   of   t h e  

c a k e s ,   was  3  cms  d e e p .   The  f i l l i n g   and  i n i t i a l   d e -  

w a t e r i n g   s t a g e   of  e a c h   p r e s s i n g   c y c l e ,   up  t o   t h e   t i m e  

when  a t   l e a s t   h a l f   t h e   f i n a l   w e i g h t   of   t h e   f i l t e r   c a k e  

had  b e e n   c o l l e c t e d ,   was  c o n d u c t e d   u s i n g   an  e c c e n t r i c  

r o t o r   pump  g i v i n g   a  p r e s s u r e   of  up  to   4  b a r   and   t h e  

c o n d i t i o n e r   was  f e d   d i r e c t l y   to   t h e   o u t l e t   of   t h i s   p u m p .  
The  r e m a i n d e r   of   t h e   c y c l e   was  c o n d u c t e d   u s i n g   a  p o s i t i v e  

d i s p l a c e m e n t   p i s t o n   pump  g i v i n g   a  p r e s s u r e   up  t o   7  b a r  

and  t h e   c o n d i t i o n e r   was  f e d   v i a   an  a u t o m a t i c   d o s i n g  



d e v i c e ,   as  d e s c r i b e d   i n   B r i t i s h   P a t e n t   S p e c i f i c a t i o n  

No.  1 , 5 0 9 , 9 6 9 ,   to   t h e   i n l e t   of   t h e   p i s t o n   pump.   4 

d i f f e r e n t   c o n d i t i o n i n g   t r e a t m e n t s   w e r e   u s e d   as  f o l l o w s : -  

(a)  A l u m i n i u m   c h l o r o h y d r a t e   a t   a  d o s e   of   3 . 5 %  

Al2O3  on  d r y   s o l i d s   f o r   a  t o t a l   p r e s s i n g   t i m e  

of  s i x  h o u r s .  

(b)  A  h i g h   m o l e c u l a r   w e i g h t   c a t i o n i c   p o l y e l e c t r o -  

l y t e ,   a t   1.4%  p o l y m e r   on  d r y   s o l i d s   f o r   a  

t o t a l   p r e s s i n g   t i m e   o f  s i x   h o u r s .   T h e  

c a t i o n i c   p o l y e l e c t r o l y t e   was  a  q u a t e r n i s e d  

d i m e t h y l a m i n o m e t h y l   p o l y a c r y l a m i d e   h a v i n g   a  

m o l e c u l a r   w e i g h t   a b o u t   1 , 0 0 0 , 0 0 0 .  

(c)  As  (b)  b u t   f o r   a  t o t a l   p r e s s i n g   t i m e   of  5 

h o u r s .  

(d)  The  c a t i o n i c   p o l y e l e c t r o l y t e   of   (b)  a t   1 . 4 %  

p o l y m e r   on  d r y   s o l i d s   f o r   f o u r   h o u r s ,   w h i l s t  

d o s i n g   a f t e r   t h e   e c c e n t r i c   r o t o r   pump,   f o l l o w e d  

by  a l u m i n i u m   c h l o r o h y d r a t e   d o s i n g   a t  3 . 5 %  

Al203   f o r   one   h o u r .  

R e s u l t s   a r e   shown  in   T a b l e   1 .  

I t   can   be  s e e n   t h a t   t h e   p o l y e l e c t r o l y t e   a l o n e  

g a v e   low  d r y   s o l i d s   a t   t h e   i n n e r   and   m i d d l e   p o s i t i o n s ,  

c o m p a r e d   t o  t h e  i n o r g a n i c   c o a g u l a n t   (a)  b u t   t h a t   t h e  



c o m b i n a t i o n   of  t h e   i n v e n t i o n   (d)  g a v e   s u b s t a n t i a l l y  

u n i f o r m   s o l i d s   c o n t e n t   a c r o s s   t h e   c a k e   and   a  d r y n e s s  

t h a t   was  g r e a t e r   t h a n   was  o b t a i n e d   in   t e s t s   ( a ) ,   ( b )  

or   ( c ) .  

E x a m p l e   2 

At  a  s e w a g e   s l u d g e   d i s p o s a l   w o r k s   a  f u l l   l i n e  

of   f i l t e r   p r e s s e s   was  u s e d   t o   f i l t e r   s e w a g e   s l u d g e   c o n -  

t a i n i n g   4 . 2 3 % d r y   s o l i d s .   The  f i r s t   p a r t   o f   t h e   f i l -  

t r a t i o n   c y c l e   l a s t e d   1 .5   h o u r s   and  was  c o n d u c t e d   u s i n g   a  

Mono  pump  g i v i n g   a  maximum  p r e s s u r e   of   4  b a r s .   T h e  

f i n a l   p a r t   of   t h e   c y c l e   l a s t e d   4 .5   h o u r s   and  w a s  

c o n d u c t e d   u s i n g   a  W i l l e t t   pump  g i v i n g   a  max imum  p r e s s u r e  
of  7  b a r s .  

In  t e s t   A  q u a t e r n i s e d   d ime thy l aminome thy l   p o l y a c r y l a m i d e  

f l o c c u l a n t   was  d o s e d   a t   0 .86%  a c t i v e   p o l y m e r   by  w e i g h t  

on  d r y   s o l i d s   i n t o   t h e   Mono  pump  and  a l u m i n i u m   c h l o r o -  

h y d r a t e   was  d o s e d   a t   4.2%  A l 2 O 3 , b y   w e i g h t   on  d r y   s o l i d s  

i n t o   t h e   W i l l e t t   pump.  In  a n o t h e r   t e s t ,   B,  t h e  

f l o c c u l a n t   was  d o s e d   i n t o   b o t h   pumps  a t   0 .86%  b a s e d   o n  

d r y   s o l i d s .   In  a n o t h e r   t e s t ,   t e s t   C,  t h e   a l u m i n i u m  

c h l o r o h y d r a t e   was  d o s e d   a t   4.2%  A l 2 O 3  
by  w e i g h t   on  d r y   s o l i d s .   The  d r y   s o l i d s   c o n t e n t   o f  

two  f i l t e r   c a k e s   was  d e t e r m i n e d   in   e a c h   t e s t   a t   i n n e r ,  

m i d d l e   and   o u t e r   p o s i t i o n s .   The  r e s u l t s   a r e   g i v e n  

in   T a b l e   2 .  



I t   can   be  s e e n   t h a t   in   a d d i t i o n   t o   a  m o r e  

u n i f o r m   s o l i d s   c o n t e n t ,   a  b e t t e r   o v e r a l l   d e w a t e r i n g   w a s  

o b t a i n e d   u s i n g   t h e   c o m b i n a t i o n   of   p o l y e l e c t r o l y t e   a n d  

i n o r g a n i c   c o a g u l a n t .  

E x a m p l e   3 

A  s e w a g e   s l u d g e   f e e d   w i t h   a b o u t   4%  s o l i d s   w a s  

c o n d i t i o n e d   and  p r e s s e d   a t   low  p r e s s u r e   (4  b a r )   f o r   15 

m i n u t e s   and   t h e n   a t   h i g h   p r e s s u r e   (7  b a r )   f o r   45  m i n u t e s  

u s i n g   a  p i l o t   s c a l e   p l a t e   and  f r a m e   p r e s s   h a v i n g   a  c o r n e r  

i n l e t   f e e d   and   a  f i l t r a t e   o u t l e t   a d j a c e n t   t h e   o p p o s i t e  

c o r n e r   of   e a c h   c h a m b e r .   D u r i n g   t h e   f i r s t   15  m i n u t e s  

t h e   same  p o l y e l e c t r o l y t e   was  a d d e d   as  i n  e x a m p l e   1  a t  

a  r a t e   of   0 .73%  by  w e i g h t   a c t i v e   p r o d u c t   b a s e d   on  d r y  

s o l i d s .  

D u r i n g   t h e   r e m a i n i n g   45  m i n u t e s   c o a g u l a n t   w a s  

u s e d   as  c o n d i t i o n e r .   When  t h e   c o a g u l a n t   was  a l u m i n i u m  

c h l o r o h y d r a t e   i t   was  d o s e d   a t   2 .73%  A l 2 0 3   by  w e i g h t   d r y  

s o l i d s   and  t h e   d r y   s o l i d s   c o n t e n t   of   t h e   c a k e   w a s  

34.8%  ( a d j a c e n t   t h e   i n l e t )   and  36.0%  ( d i s t a n t   t h e   i n l e t ) .  

When  t h e   c o a g u l a n t   was  a  low  m o l e c u l a r   w e i g h t  

e p i c h l o r h y d r i n   a m i n e   c o n d e n s a t i o n   p o l y m e r   i t   was  d o s e d  

a t   0 .73%  by  w e i g h t   a c t i v e   p o l y m e r   b a s e d   on  d r y   s o l i d s   a n d  

t h e   d r y   s o l i d s   c o n t e n t   of   t h e   c a k e   was  33.1%  ( a d j a c e n t  

t h e   i n l e t )   and  32.7%  ( d i s t a n t   t h e   i n l e t ) .   T h i s   s h o w s  

t h a t   s a t i s f a c t o r y   u n i f o r m i t y   i s   o b t a i n e d   when  low  m o l e c u l a r  

w e i g h t   p o l y e l e c t r o l y t e   c o a g u l a n t   i s   u s e d   i n s t e a d   o f  

i n o r g a n i c   c o a g u l a n t .  



1.  A  p r o c e s s   in   w h i c h   an  o r g a n i c   s u s p e n s i o n   i s  

c o n d i t i o n e d   by  a d d i n g   a  c o n d i t i o n e r   and  t h e n   f i l t e r i n g  

t h e   s u s p e n s i o n   t h r o u g h   a  f i l t e r   e l e m e n t   t o   f o r m   a  f i l t e r  

c a k e   on  t h e   e l e m e n t   c h a r a c t e r i s e d   in   t h a t   d u r i n g   t h e  

f o r m a t i o n   of   a t   l e a s t   t h e   f i r s t   h a l f   (by  w e i g h t   s o l i d s ) ,  

b u t   n o t   a l l ,   of  t h e   c a k e   t h e   c o n d i t i o n e r   i s   a  h i g h  

m o l e c u l a r   w e i g h t   p o l y e l e c t r o l y t e   c o n d i t i o n e r   and   d u r i n g  

t h e   f o r m a t i o n   of   t h e   r e m a i n d e r   of   t h e   c a k e   t h e   c o n d i t i o n e r  

i s   an  i n o r g a n i c   c o n d i t i o n e r   o r   a  low  m o l e c u l a r   w e i g h t  

p o l y e l e c t r o l y t e   c o n d i t i o n e r .  

2.  A  p r o c e s s   a c c o r d i n g   t o   c l a i m   1  c h a r a c t e r i s e d  

in   t h a t   t h e   f i l t r a t i o n   i s   c o n d u c t e d   u s i n g   a  f i l t e r   p r e s s  

in   w h i c h   t h e   e l e m e n t   s e p a r a t e s   a  f i l t e r   c h a m b e r ,   t o   w h i c h  

t h e   s u s p e n s i o n   i s   f e d   t h r o u g h   an  i n l e t ,   f r o m   a  f i l t r a t e  

o u t l e t .  

3.  A  p r o c e s s   a c c o r d i n g   t o   c l a i m   2  c h a r a c t e r i s e d  

in   t h a t   c a k e   i s   of   s u b s t a n t i a l l y   u n i f o r m   d r y n e s s   a n d  

t h e   s u s p e n s i o n   i s   one   t h a t ,   when  c o n d i t i o n e d  

t h r o u g h o u t   t h e   f i l t r a t i o n   o n l y   by  t h e   h i g h   m o l e c u l a r  

w e i g h t   p o l y e l e c t r o l y t e ,   g i v e s   a  c a k e   t h a t   i s   s u b s t a n t i a l l y  

w e t t e r   a t   t h e   p o s i t i o n   o f   t h e   i n l e t   to   t h e   c h a m b e r   t h a n  

a t   p o s i t i o n s  d i s t a n t  f r o m  t h e  i n l e t .  

4.  A  p r o c e s s   a c c o r d i n g   to   any  p r e c e d i n g   c l a i m  

c h a r a c t e r i s e d   in   t h a t   t h e   s u s p e n s i o n   i s   a  s e w a g e   s l u d g e .  

5 .   A  p r o c e s s   a c c o r d i n g   t o   any  p r e c e d i n g   c l a i m  

c h a r a c t e r i s e d   in   t h a t   t h e   h i g h   m o l e c u l a r  w e i g h t   p o l y -  

e l e c t r o l y t e   i s   u s e d   as  t h e   c o n d i t i o n e r   d u r i n g   t h e   f o r m a -  

t i o n   o f  t h e   f i r s t   60  t o   90%  by  w e i g h t   of   t h e   c a k e   and  t h e  



i n o r g a n i c   o r   low  m o l e c u l a r   w e i g h t   p o l y e l e c t r o l y t e  c o n -  

d i t i o n e r   i s   u s e d   f o r   t h e   f o r m a t i o n   of   t h e   r e m a i n d e r   o f  

t h e   c a k e .  

6.  A  p r o c e s s   a c c o r d i n g   to   any  p r e c e d i n g   c l a i m  

c h a r a c t e r i s e d   in   t h a t   t h e   h i g h   m o l e c u l a r   w e i g h t   p o l y -  

e l e c t r o l y t e   i s   a  w a t e r   s o l u b l e   c a t i o n i c   p o l y m e r i c  

f l o c c u l a n t   h a v i n g   a  m o l e c u l a r   w e i g h t   a b o v e   1 0 0 , 0 0 0 .  

7.  A  p r o c e s s   a c c o r d i n g   to   c l a i m   6  i n   w h i c h   t h e  

f l o c c u l a n t   i s   s e l e c t e d   f r o m   o p t i o n a l l y   q u a t e r n i s e d  

d i a l k y l a m i n o a l k y l ( m e t h )   a c r y l a m i d e   p o l y m e r s   and  c o p o l y m e r s ,  

o p t i o n a l l y   q u a t e r n i s e d   d i a l k y l a m i n o a l k y l ( m e t h )   a c r y l a t e  

p o l y m e r s   and  c o p o l y m e r s   and   d i a l l y l   d i m e t h y l   a m m o n i u m  

c h l o r i d e   a c r y l a m i d e   c o p o l y m e r s ,   p r e f e r a b l y   a  q u a t e r n i s e d  

d i a l k y l a m i n o m e t h y l   p o l y a c r y l a m i d e .  

8.  A  p r o c e s s   a c c o r d i n g   to   any  p r e c e d i n g   c l a i m  

c h a r a c t e r i s e d   in   t h a t   an  i n o r g a n i c   c o n d i t i o n e r   i s  

u s e d   and  i s   s e l e c t e d   f r o m   s a l t s   o f   a l u m i n i u m ,   c a l c i u m  

and  i r o n ,   p r e f e r a b l y   a l u m i n i u m   c h l o r o h y d r a t e .  

9.  A  p r o c e s s   a c c o r d i n g   to   any  of   c l a i m s   1  to   7 

i n   w h i c h   a  low  m o l e c u l a r   w e i g h t   p o l y e l e c t r o l y t e   c o n d i -  

t i o n e r   i s   u s e d   c h a r a c t e r i s e d   in   t h a t   i t   i s   a  w a t e r  

s o l u b l e   c a t i o n i c   p o l y m e r i c   c o a g u l a n t   h a v i n g   a  m o l e c u l a r  

w e i g h t   l e s s   t h a n   1 0 0 , 0 0 0 .  

10.  A  p r o c e s s   a c c o r d i n g   to   c l a i m   9  in   w h i c h   t h e  

p o l y m e r i c   c o a g u l a n t   i s   s e l e c t e d   f rom  o p t i o n a l l y   q u a t e r n i s e d  

d i a l k y l a m i n o a l k y l ( m e t h )   a c r y l a m i d e   p o l y m e r s   and   c o p o l y m e r s ,  

o p t i o n a l l y   q u a t e r n i s e d   d i a l k y l a m i n o a l k y l ( m e t h )   a c r y l a t e  

p o l y m e r s   and  c o p o l y m e r s   and  o p t i o n a l l y   q u a t e r n i s e d  

e p i c h l o r h y d r i n   a m i n e   c o n d e n s a t e s .  
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